Abstract: Recent research reports contradictory estimates of productivity growth for the newly industrialized economies (NIEs) of Asia. In particular, estimates using real factor prices find relatively rapid TFP growth; estimates using quantities of inputs and output find relatively low TFP growth. The difference is particularly notable for Singapore, where the difference is about 2-1/4 percentage-points per year. We show that about 2/3 of that difference reflects differences in estimated capital payments. We argue that these differences reflect economically interesting imperfections in output and capital markets, including sizeable economic profits in Singapore and government-directed credit. We derive a measure of technology growth, corrected for the imperfections that we quantify.
I. Introduction
In empirical assessments of economic growth, the experience of Asia's newly industrialized economies (NIEs) looms large. Singapore, Hong Kong, Korea, and Taiwan grew at rates of 8 or 9 percent for decades, thereby pulling themselves in rankings of economies from the among the poorest to (particularly in the case of Singapore and Hong Kong) among the richest.
Controversy surrounds the sources of growth in the NIEs. Did total factor productivity (TFP) growth (presumably capturing, to a large extent, the process of technology transfer) play an important role? Or did these economies grow almost exclusively through factor accumulation?
In a series of extraordinarily influential and widely cited papers, Young (1992 Young ( , 1994 Young ( , 1995 overturned the notion that TFP growth played an important role. He undertook careful 'primal' (quantitybased) growth accounting and established the new conventional wisdom that the NIEs grew almost exclusively through factor accumulation with only a modest contribution from TFP. 1 This new conventional wisdom, however, has not gone unchallenged. In particular, Hsieh (2002) reexamines the issue from the point of view of dual (price-based) growth accounting. With internally consistent data, the primal and the dual measures of TFP are necessarily equal. But with independent data on quantities and factor prices, the two measures can and, in the case of these economies, do differ. Hsieh finds that in the NIEs, TFP grew reasonably quickly.
This controversy has generated considerable heat and smoke. For Singapore, in particular, Hsieh attributes the sizeable differences to errors in the national accounts data used by Young. Young (1998) , in turn, responding to an early version of Hsieh's paper, cites a long list of what he sees as errors in Hsieh's implementation of the dual.
In this paper, we seek to shed further light on Asia's growth experience. We reinterpret the primal/dual results as complementary rather than competing. In particular, two "facts" lie at the heart of the controversy over Asian productivity growth. First, primal TFP growth-particularly in Singapore-was abysmal. Indeed, the rapid increases in capital-output ratios in the national accounts imply rapid declines in returns to capital. But second, reasonable cost-of-capital measures show little decline.
We show that heterogeneity in the cost-of-capital-consistent with Asian governments' efforts to direct growth and resources-as well as large economic profits, can reconcile the differences. We provide a range of evidence that in Singapore, where the difference is most pronounced, these aspects do indeed play an important role in reconciling the two results.
In our benchmark case, we assume that the national accounts and Young's quantity-based growth accounting were done completely correctly. We also assume that Hsieh's factor-price based growth accounting is completely correct except for observing factor payments for only a part of the economy-for example, he misses heterogeneity in the cost-of-capital coming from unobservable preferential tax rates and subsidies. The primal-dual difference then reflects economically interesting imperfections in output, labor, and capital markets including heterogeneity in the user cost of capital and sizeable economic profits.
At the same time, these distortions imply that standard TFP growth does not measure technology.
Under these assumptions, we conclude that Young was, in part, too optimistic: He overstates technological progress in the favored sector of Singapore's economy. We estimate that in the favored sector, output grew nearly 10 percent per year for two decades, with negative TFP growth. However, this does not mean that Singapore had no worthwhile investments. In particular, under our interpretation, the relatively unfavored sector had slower output growth, about 6 percent per year, despite rapid TFP growth of around 2-1/2 percent per year.
Our interpretation of the divergent primal-dual results seems more plausible than the alternativesthat the National Accounts grossly overstate investment or that major computational errors render Hsieh's calculations irrelevant. Young (1998) thoroughly rebuts concerns about the national accounts (at least relative to concerns about the reliability of factor-price measures). 2 But dismissing Hsieh's dual results as 2 Moreover, given the national accounts identity, reducing real investment growth means adjusting real output and income growth downwards, or adjusting other expenditure growth upwards. How the mismeasurement shows up matters. For example, suppose nominal GDP (in principle, equaling factor payments and value added) is measured accurately but real GDP is overestimated by a growing amount. Then dual TFP, measured by growth in real factor prices (deflated by the GDP deflator) are biased upwards. This case would undo Hsieh's results, even if investment were overestimated. Given Young's defense of the national accounts, though, we do not make this argument. Barro (1999) also discusses possible interpretations of the primal-dual discrepancy for the national accounts.
error-laden throws out the important information they contain. Young argues effectively that Hsieh's measurements for the cost of capital are unlikely to capture the entire economy and ignore key tax benefits.
We agree. In our interpretation, these measurement difficulties are indeed central-but the pattern of mismeasurement is economically interesting. The market distortions (such as market power, favorable access to capital, and tax preferences)-which, in many cases, grew over time-favored parts of the economy but not others. We interpret Hsieh as coming close to measuring technology growth in the nonfavored sector (it's not exact, though, since factor-shares need to be adjusted). In sum, our explanation is largely consistent with Young's, except that we view the dual growth accounting results as informative about a large chunk of the economy.
Section II shows how the primal and dual could yield different results with market distortions.
Section III discusses anecdotal evidence for Singapore (where the gap is largest) suggesting the plausibility that these distortions played an important role. Section IV calibrates our identities with results from
Young and Hsieh, seeking to quantify the importance of these distortions for the dual-primal discrepancy.
Our results indicate that profits in Singapore play a substantial role and contribute approximately half of the total gap. Section V takes these results-which largely involve manipulating identities-and interprets them in terms of technology in the overall economy, the favored sector, and the unfavored sector. Section VI discusses why these effects are more important in Singapore than elsewhere. We then conclude.
II. Primal and Dual Measures of Productivity
This section defines our terms (primal and dual TFP) and shows that these measures ought to be similar, if not identical. But in practice, they are substantially different. We present a simple decomposition to clarify the role of labor versus capital in explaining the differences-since both play a role. Finally, we show conditions under which the two measures might differ, for economically interesting reasons, in an economy with substantial distortions.
A. Identities
In the national accounts, real output Y equals real factor payments to capital and labor:
4 R is the real rate of payments to capital, K is capital input, W is the real wage, and L is labor input. R and W are deflated by the GDP deflator. Implied payments to capital RK include any economic profits.
For any variable J, define $ j as the percent change dJ/J . Define s L to be the share of labor in output.
The share of payments to capital, taken as a residual, is then (1-s L ). Totally differentiating (1):
TFP, aka the Solow residual, is defined as output growth in excess of share-weighted input growth:
. (Later, we assess whether TFP, so defined, measures technology.)
Rearranging equation (2), one finds that this primal measure of TFP necessarily equals a "dual" (i.e., price) measure that is a weighted average of the growth in real factor prices.
:
The second equality shows that in data satisfying the accounting identity (1), the primal and the dual approaches necessarily give the same result. However, there are independent data on factor prices. Hence, if one is skeptical of the national accounts-as Hsieh is-dual TFP provides an alternative. In principle, we need an appropriate weighted average of these factor costs.
Given practical difficulties, the "dual" cost of capital-which we call C Dual -may differ from the national accounts' rate of payments to capital, R. In principle, wage data are easier to observe.
Nevertheless, in practice Young and Hsieh use slightly different data sources and methods, so their measures of wages as well as capital-costs differ. Then the dual Solow residual becomes:
3 One common cost-of-capital specification (see, for example, Hall 1990) is
1 τ τ measures various tax adjustments. ρ is the required real rate of return, δ is the depreciation rate, τ is the corporate tax rate, d is depreciation allowances, and itc is the investment tax credit.
Not surprisingly, the primal measure differs from the dual if either wage growth or capital-payment growth differs between them. This relationship is:
Table 2 provides this decomposition for the NIEs, using data from Young (1995 , 1998 ) and Hsieh (2002 . Hsieh provides several estimates of the cost of capital for each country. These measures generally tell the same story, so 
4 Lines 1 to 3 show the individual items that appear on the right hand side of equation (5), while Line 4a and 4b show the primal and dual measures of TFP growth. Lines 5 and 6, respectively, show the contribution of wages and capital payments to the primal-dual difference.
This decomposition clarifies whether the discrepancies arise primarily from the labor/wage data or the capital/rental data. Tables 1 and 2 show that the primal and dual differ substantially only in Singapore and Taiwan. In both cases, wages play an important role; indeed, wages account for the bulk of the difference in Taiwan. Hsieh (2002) has little discussion of the role of wages. Young (1998, Section V) expresses concerns with Hsieh's wage data but does not quantify their importance. Table 2 (line 5) makes clear that for Singapore and Taiwan, the wage differences are, in fact, quantitatively important. However, we view the wage discrepancies as a pure measurement issue.
In the rest of the paper, we focus on economic or conceptual issues raised by capital's contribution on Line 6. In Singapore, especially, capital payments account for most (1.6 percentage points) of the primaldual gap. Hsieh suggests that the national accounts data overstate the cost-of-capital decline. In response, Young (1998) asserts that Hsieh's methods for estimating the cost-of-capital Dual c are flawed. 5 We now present an alternative interpretation.
4 Young (1998, p.13 ) discusses this differentiation. Note that with multiple types of labor (e.g., with different educational levels), labor input is a composition-corrected index. The corresponding growth in wages is the difference between the growth rate of nominal payments to labor and the growth rate of composition-corrected labor input. 5 For example, Young (1998, page 13) argues that Hsieh conflates the real rental rate (i.e., the cost of capital, which includes the real interest rate, depreciation, and tax adjustments) and "real capital returns" (i.e. the real interest rate). Hsieh (2002), however, addresses some of Young's major concerns. Suppose the economy has one type of capital and two firms, with different costs of capital, C U and C F (ultimately, though for now without loss of generality, representing "unfavored" and "favored" sectors).
B. Role of directed credit/capital market imperfections/profits:
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Payments to capital RK (calculated as a residual from (1)) include "required" payments-which depend on the costs of capital-and any economic profits. The economy's implied rate of payments to capital R is total "payments" to capital divided by the capital stock. If the aggregate capital stock is
and total economic profits are
The implicit rate of payments to capital in (6) has two parts. The first is a capital-share-weighted average of the two costs of capital C U and C F . Hence, the capital-payment rate R can change if the firms' costs of capital change, or if the weights change. The second is the ratio of true economic profits to the capital stock. If profits fall relative to capital, then R can fall even if the costs of capital are unchanged.
In practice, it is difficult both to measure costs of capital for all firms and to measure pure economic profits-especially in countries where the government creates heterogeneous costs of capital through privately negotiated, or firm-specific, tax treatment or other financing advantages. Suppose we measure dual TFP growth using just the first firm's cost-of-capital estimate, so C Dual =C U . From equation (6), this measure may differ from the aggregate accounting measure R for three reasons: (i) C U differs from C F ; (ii) the weights of capital i K K in the two industries change; (iii) the profits-capital ratio changes.
Clearly, these three reasons may also cause the relative growth rate of aggregate capital payments $ r to differ from the observed (unfavored) cost of capital ˆU c . From equation (5), these relative growth rates, along with those of payments to labor, determine the relationship between the primal and dual measures of productivity. To see this relationship, take the total differential of equation (6) and divide through by RK.
Substituting into equation (5) and ignoring the wage term, one obtains a relatively intuitive equation:
where the profit share is s Y Π = Π , the average cost of capital is
, and the
The two terms in Equation (7) capture important factors for understanding why the dual might exceed the primal. The first term reflects the "representativeness" of ˆU c : does its observed growth rate differ from the unobserved overall average? The second term reflects economic profits, since the national accounting measure R includes them. Note that we can rewrite the profits term as:
Suppose there are true economic profits, so s Π is non-zero. For unchanged ˆU c , the profits term is likely to be positive if the profit rate falls over time, if the capital-output ratio rises, or both.
With free factor mobility and competitive output markets, these terms disappear: rates of return are equalized, and there are no profits. Indeed, Fernald and Ramnath (2003) find that in the U.S., the primal and the dual give quite similar results. But the vast literature on the Asian crisis makes clear that Asian economies did not have competitive factor and output markets. Hsieh uses a range of real interest rates to construct the cost of capital. But these measures are unlikely to capture much of the capital-costheterogeneity, since many of the differences are not easily observed. For example, governments intentionally directed credit to particular firms through access to low interest government loans or through pressure on banks to lend to favored firms. Even a cursory reading of Young (1992 Young ( , 1995 Young ( , 1998 makes clear that tax rates and investment incentives often varied across firms in ways that are difficult to control for in any systematic way. Direct government investment was often very high, with an unobservable level and growth rate of the shadow value of that capital.
Do capital and product market interventions/distortions necessarily lead the dual to exceed the primal? Clearly no. In steady state, for example, the terms in equation (7) should equal zero. If the profit rate and capital-output ratio are constant, then the profits term is zero. And even if the level of C U and C F differ, their steady state growth rates will be the same (in most models, equaling zero), so the capital-costheterogeneity term is also zero.
During the transition to steady state, the two terms may, but need not, be positive. For example, state-preferred firms may have market power but not earn profits, so the second term would disappear.
And even if C U and C F differ, their rates of change may be similar. In part, this will depend on the institutional structure of the economy and the way in which preferences were extended. In particular, these terms appear substantial in Singapore but not in Korea, even though Korea also intervened heavily in markets. To better understand the reasons, we now discuss the Singaporean case in greater detail. We return to Korea and the other NIEs in Section VI.
III. Singapore: Large Profits and Favoritism
Anecdotal evidence strongly suggests that economic profits were large and the cost of capital heterogeneous in Singapore. Singapore's transition from a poor country in the 1960s to a rich, modern economy involved considerable direct and indirect government participation in the economy as well as vast inflows of FDI. Firms in "preferred" or "favored" sectors appeared to earn large (though diminishing) profits, reflecting market power and favorable factor prices for so-called government linked corporations (GLCs), statutory boards (SBs), and the multinationals that directly invested in Singapore. Indeed, favoritism appears to have increased over time, suggesting that the (unobserved) preferred cost of capital fell more rapidly than that of the (observed) unpreferred sector. These profit and cost-of-capital effects, capturing the two terms in equation 7, plausibly account for the primal-dual gap.
A. Large Profit Share
GLCs, companies at least 20-percent government-owned, contributed as much as 25 percent of Seaward (1985) reports that a GLC, the National Iron and Steel Mills (NISM), controlled 90 percent of the steel market. He notes, "It is no secret that NISM benefited from strong government protection in the early 1960s … which essentially gave the company a monopoly over the market." Singapore Airlines, in an industry where the government controls access to airport gates, had decades of accounting profitability and high relative return on equity to shareholders (presumably indicating economic profits). EuroMoney (1984) estimates that the (accounting) profits of GLCs and SBs alone equaled about one-third of GDP. Singapore's active enticement of FDI also led to large profits. From 1972 to 1990, FDI amounted to an average of almost ¼ of gross fixed capital formation (IFS). Singapore negotiated a wide range of incentives (not available to domestic firms) to entice such extraordinary inflows. Negotiated terms are not public, so it is hard to quantify the exact measures used. But even if foreign companies faced competition in export markets, the measures likely reduced production costs and allowed for economic profits. As an article entitled "A juicier carrot for foreign investors " (Senkuttuvan, 1975) notes: "Shrewd industrialists who invest when times are not so good can receive enormous incentives from the Singapore Government."
Incentives ranged from tax and depreciation benefits to training grants to beneficial export treatment.
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Further, anecdotal evidence suggests that beneficial tax treatment, such as tax holidays for technology upgrades granted by the Economic Development Board, resulted in multinationals adjusting internal transfer pricing to realize high profits in low-tax Singapore. 10 In sum, given these statistical differentials and anecdotal evidence, it seems logical and consistent to posit that foreign companies, like the government's "favored" domestic firms, received "special" treatment leading to large economic profits.
B. Heterogeneous Cost of Capital
SBs, GLCs, and multinationals also help explain the dual-primal gap because their cost of capital grew at different rates from the rest of the economy. They received "special treatment" including artificially high credit worthiness (reflecting the assumption that the government would bail out bad performers)
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, tax relief, political connections, or direct government financing. Further, these benefits seemed to grow over time, so the favored cost of capital fell faster than the non-favored one.
According to Burton (1995) , GLCs generally "enjoy a competitive advantage in terms of financing.
Their costs of capital are usually lower than for companies in the private sector …." U.S. Embassy (2001) argues that this seems to be "because they enjoy an implicit Government guarantee of repayment. In the early years of economic development, GLCs were given preferential rates by DBS Bank, itself a GLC."
Other benefits took the form of tax relief. For example, the Economic Expansion Initiatives Act reduced taxes from 40% to 4% on certain export-intensive industries. "Pioneer" firms, designated by the government, received major tax relief and in 1991 accounted for nearly 2/3 of manufacturing value added and 4/5 of value added in chemicals, electronics, and instruments (IMF 1995).
These sectors had very heavy GLC and foreign involvement, so this program acted to reduce the cost of capital for a favored subset of the economy. Indeed, as discussed in Young (1998) , the tax breaks to these companies increased over time. Hsieh (2002) notes, in response, that the overall average effective tax rate increased. Together, these observations suggest that even while the effective tax rate for favored firms was falling, the rate for unfavored firms rose-thus accounting for rising overall tax collection with a widening gap in the cost of capital.
Foreign companies were also well suited to take advantage of Singapore's official, formal tax breaks.
Young [1992] describes such tax incentives as neutral in principal, but biased toward foreign investment in practice. Bowring (1995) claims that "Government critics do not find it difficult to show that the tax … systems have not only directed cash flow to officially decreed ends, but have in effect also discriminated in favour of state and foreign enterprises." Preferential treatment extended beyond tax breaks. Young [1992] cites claims of academics and popular writers that "the Singaporean government … subsidize[s] the return to foreign capital (beyond the tax incentives) by, for example, providing preferential loans, leasing land and buildings at reduced cost, shouldering labor-training costs, and assuming large equity positions."
In addition to some of the more subtle subsidization methods above, many of these government linked and foreign organizations were financed by direct government loans. As described in more depth by Young [1992] , the government was able to sustain such outflows by borrowing from the Central Provident Fund (CPF), a public saving fund akin to Social Security in the U.S. The government required increasing contributions to the CPF though did not offer reasonable returns directly to the workers. 12 Indeed, other than for medical costs and housing investments, it was quite difficult to access the fund at all! The government relied heavily on the fund, though, and as Young [1992] describes, some 95% of the fund was invested in government shares. In essence, the CPF served as a very large tax on private savings to subsidize the cost of capital of certain firms -namely SBs, GLCs, and multinationals. This increasing 12 As detailed by Young, the [employee/employer match] contribution increased from 5%/5% to 15%/15% to 25%/25% over the time period studied. IMF(1995, p45) documents the below-market returns to CPF investments.
subsidization, regardless of its form, resulted in an increasing wedge between the "favored" and "unfavored" costs of capital.
IV. Measuring the Effects of Economic Distortions
Singapore was not alone in intervening heavily in markets. 13 We now assess the empirical importance of this intervention for the primal-dual difference, in terms of equation (7). Combining capital's contribution to the dual-primal gap (from Table 3 ) with an estimate of the profits term, we back out the contribution of the cost-of-capital-heterogeneity term.
A. Accounting for the Dual-Primal Gap
We begin by calibrating the role of profits. Section III argued qualitatively that in Singapore, government policy led to market power, low average factor prices, and large profits. Suppose market power is the only imperfection, with no heterogeneity in capital costs. The right-hand side of equation (7) then between the primal and dual. But his argument requires that either the level or the growth rate of the profit share be small. We argue below that both conditions are violated in Singapore, although not elsewhere.
How large are profits? Singapore's strikingly low labor share-about ½-matches qualitative stories of large pure profits. Labor's share is often low in developing countries because self-employment income (e.g., from farming) is allocated to capital not labor. This story does not explain Singapore: The agricultural sector is tiny and, besides, Young (1995) carefully allocated proprietors' income.
14 13 This was widely noted even before the Asian crisis. See, for example, the World Bank (1993); Leipziger and Thomas (1994) , and the discussions of Singapore in Young (1992 Young ( , 1995 Young ( , and 1998 ).
14 Gollin (2002) reports that after correctly allocating proprietors' income, labor shares are almost always in the range of 0.65 to 0.8. He cites Young (1995) as exemplifying the "best approach" to estimating factor shares (Gollin, p. 467). If anything, though, Young overstates labor's share, implying that we may understate profits. First, Young (2000) suggests that he overcompensated for proprietors' income, since it appears that national accountants already attribute some proprietors' income to labor, in contravention of the U.N. System of National Accounts. Second, Young (1995, footnote 8) also implies that, if anything, he has overstated labor's share, since he explicitly ignores a labor share series from Singapore Statistics that has an even lower labor share than the input-output series he used.
Labor's share could also be abnormally low because of the country's mix of industries. For example, Sarel (1997) reports that in financial services, labor's share (averaged across countries for which industry data are available) is about 0.4. We estimate "true" factor shares in cost (as opposed to output or revenue)
by combining Sarel's data on industry capital-cost shares with data on the industry mix of output. 15 Given these estimated cost shares, we can back out the implied profit share, s Π . In particular, if capital's share in total cost is α and labor's share is (1 ) α − , then the profit rate s Π equals ( )( ) account for 3/4 of output. Labor payments are then 2/3 of cost, and capital payments are 1/3 of cost.)
Although the anecdotal evidence supports the notion of large profits, pure economic profits amounting to ¼ of GDP clearly raises questions. We used two alternative back-of-the-envelope estimates to confirm its magnitude. First, we follow Hall (1990) and Rotemberg and Woodford (1995) , who provide careful, indirect arguments that U.S. pure profits are small. In particular, we use evidence on the capitaloutput ratio to back out the implied rate of return to capital consistent Singapore's measured output shares.
From 1985 through 1990, the ratio of tangible capital to GDP averaged 2.89; the investment-output ratio was 0.38 (both ratios were relatively stable over the sample period). 16 Over the 1970-90 period, investment growth averaged 8.5 percent per year. Thus, the implied average rate of depreciation was about 5 percent (since, with a single type of capital, I K g δ = + ), equal to the U.S. rate reported by Rotemberg 15 We obtained one-digit GDP-by-industry data from CEIC Asia Database (downloaded Feb. 1999 ). Sarel estimates industry capital and labor shares from a large sample of (primarily developed) countries. We assume constant factor shares within an industry. (Jones (2003) argues that factor shares are not constant; but as long as deviations from strict Cobb-Douglas are small relative to mean differences across industries, this won't matter much.) 16 We used constant S$1985 figures on investment, capital stocks, and GDP. Numbers would probably be similar with disaggregated nominal values, which would better allow for variation in the relative investment prices.
and Woodford. Taking payments to capital (including profits) as an implicit capital-payment rate r plus the depreciation rate implies that:
The implicit r equals about 13 percent-substantially in excess of the corresponding U.S. rate of 6 percent. Rotemberg and Woodford argue that 6 percent approximately equals the U.S. required return to capital, including an equity premium; hence, their estimate implies pure profits are small. If, because of capital mobility, Singapore's required rate of return was similar to the U.S. rate, then the 'excess' return of 7 percent represents profits. Multiplying that 7 percent excess return by the capital-output ratio again suggests a rate of profit in Singapore that was plausibly around 20 percent.
As a second alternative estimate, we took Hsieh's estimates of the cost of capital C literally, while assuming the national accounts measure investment properly. In particular, we estimate required payments to capital by multiplying Hsieh's cost-of-capital estimates by the estimated value of capital stock. 17 This method assumes that all of the dual-primal gap comes from the profit term of equation (7). The implied profit shares, though variable, are frequently in the 15-20% range and generally show a downward trend.
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Although such large pure profits are clearly unusual, studies for other countries do sometimes suggest that product market distortions (e.g., entry restrictions) lead to substantial economic rents. For example, Blanchard and Giavazzi (2002) discuss the sharp decline in labor's share in income in many European economies between the early 1980s and the mid-1990s. Consider Italy, where labor's share fell from about 78 percent to only about 60 percent (their Figure 5) . They attribute this decline to a reduction in labor's ability to capture the rents arising from product market restrictions. For such a large shift in rents to occur, the rents themselves must be large-e.g., in the case of Italy, on the order of 15 to 20 percent of GDP. 17 We assume that there is only one cost of capital C. We downloaded Hsieh's data for C (from http://www.wws.princeton.edu/~chsieh/data.html) and backed out the profit rate as
Hsieh argues that the national accounts overstate investment and, hence, implies that the capital-output ratio is overstated. A lower capital-output ratio would imply even larger profits. Alternatively, if there are no profits and Singapore overstates investment, then either: (i) Hsieh's cost-of-capital estimates are too low (so growth rates are suspect); or (ii) the true capital-output ratio is actually much higher than implied by the national accounts.
What happened to Singapore's profit share over time? We estimated this time series using the GDPby-industry data. Consistent with government subsidies for capital-intensive industries, we estimate that the "true" capital share in revenue, s K (estimated with Sarel's industry shares) grew over time. A rising true capital-cost share combined with a relatively constant labor share implies that the profit share fell over time. A large level and negative growth rate of the profit share yields a large magnitude contribution of the second term of equation (7), i.e., a significant contribution of profits to the dual-primal gap. Is it sensible to presume that dual TFP estimates incorporate the cost of capital only for the "unfavored" subset of the economy? To assess this, we now discuss the three rate-of-return measures Hsieh uses to estimate the cost of capital in Singapore: the earnings-to-price ratio (E/P); an average lending rate; and the published return on equity (ROE). to a discount rate, ρ , plus a firm-specific risk premium i θ . 19 We have referred to the second term as the contribution of profits, as if it were distinct from heterogeneous costs of capital. However, the second term depends in part on the "representativeness" of the observed ˆU c . An alternative representation of equation (7) is terms capture heterogeneity and profits, respectively, while the third term captures a combination of the two. However, zero profits would leave only the first term in our existing equation (7) and zero heterogeneity would leave only the second term, so we use this form to measure the impact of the two effects.
Singapore's stock market does not comprise a representative set of companies, and it is unlikely to capture expected returns for 'favored' companies (namely, GLCs, SBs and foreign firms). In particular, few GLCs were listed prior to the government's 1985 privatization strategy, and multinationals generally list elsewhere. This wouldn't matter if capital were freely mobile (so required returns are set by the global representative investor) and if unlisted companies had risk premia and growth opportunities that were similar to those of listed companies. But GLCs, SBs, and multinationals tend to be lower-risk firms, with lower implicit or explicit i θ -either because the government backed them (GLCs and SBs) with favorable access to funds and/or implicit insurance; or because they were substantially larger and likely more diversified (multinationals). 20 As such, the E/P ratio is likely to be a better measure of expected returns in the 'unfavored' sector than the favored sector. 21 Finally, the earnings-price ratio would also exclude any tax/subsidy components of the cost-of-capital formula-which clearly favor certain firms over others.
Second, Hsieh's average bank lending rate also more likely represents the required returns for the "unfavored" sector than for the "favored" sector. As Young (1998) describes in detail, the banks were heavily regulated in a "cartel arrangement" through at least 1985, with lending rates above competitive levels. 22 But GLCs, SBs, and multinationals generally had alternative, likely cheaper sources of funding.
These sources, for example, included loans from the Central Providence Fund, international lending (especially for MNCs, who didn't need to rely on local cartel lenders), and very low-interest loans available to exporters (see the discussion in Young 1998). In addition, the lending rate will, again, miss any favorable tax/subsidy treatment. 20 This classification is more subtly suggested in a 1999 report funded by the National University of Singapore ("Singapore's Global Reach: An Executive Report," by Henry Wai-Chung Yeung) that determined that many surveyed private sector firms found Singapore's business and commercial laws to be biased in favor of bigger corporations, both GLCs and foreign multinationals. 21 Hsieh (2002) dismisses the idea that a declining overall risk premium could explain the primal-dual divergence. More specifically, he argues that in developing countries, private and public risk premia are highly correlated; he then shows that Singapore's public risk premium is low. For all the reasons described in Section III, though, the premise of a close correlation between the public and private premia in Singapore is flawed. Moreover, our argument here relies on the heterogeneity of risk premia across firms. 22 Though the Singaporean Yearbook of Statistics indicates the end of interest rate regulation in 1975, Young explains in detail why in practice, this did not occur until the mid-80's.
Of course, the average rate may still not be a perfect measure of the opportunity cost of funds to the less-favored sector, given the heavily regulated financial sector. But it appears more representative of the cost of capital for less favored than for favored firms, for all the reasons discussed.
Finally, Hsieh uses a ROE calculation from the Singapore Registry of Companies and Businesses. In principle, these figures cover most, if not all, firms and should incorporate economic profits. Given our arguments in Section II, it should therefore give results similar to primal estimates. But closer examination of the ROE figures, and the return-on-asset figures underlying it-suggest that these figures may not be reliable. 23 The ratio of assets to output averages over 13 for 1980-1990-an extremely high number, far larger than the capital-output ratio of under 3 in the national accounts (a figure that Hsieh implies is overstated). A large share of these assets (and equity) are in the financial sector, and represent financial claims rather than tangible, non-financial assets. But even in the non-financial sector alone, the assetoutput ratio still averages 4.5, well in excess of national accounts estimates. In terms of growth rates, the overall and non-financial asset-output ratios grow at 4.7 percent and 3 percent, respectively, from 1980-1990, in line with the rate of capital-output growth in the national accounts.
Thus, although total assets are not the same as tangible capital, it is nevertheless the case that the ROE and ROA data are inconsistent with Hsieh's implicit or explicit claims that the national accounts overstate the level and rate of growth of the capital-output ratio. In sum, accountants and statisticians who calculate (and then aggregate) the book values of individual companies have a different focus than do growth accountants. In our view, these figures are significantly less reliable as a measure of the opportunity cost of funds than the E/P ratio or the average lending rate, both of which correspond primarily to the unfavored sector. Hsieh's measures exclude profits. 24 The lending rate would clearly exclude profits. The numerator of ROA should incorporate profits, but as just discussed, we have serious questions about the reliability of the denominator. Finally, if exchange-listed companies earned large pure profits, those would show up in earnings, but would also be capitalized into the price in the denominator. In equilibrium, returns embodied in the earnings-price ratio are those expected by the investor. If profits are expected to be temporary (so prospects for the growth in earnings are low), then profits could cause the E/P ratio to be high.
Nevertheless, in our view, most profits in Singapore were earned by GLCs, SBs, and multinationalstypically not listed on the Singaporean market.
V. Primal vs. Dual revisited: Productivity and Technology
We have argued that, in practice, the primal and the dual differ because of output and factor-market distortions and, hence, the gap reflects important aspects of the economic environment. Even more important, these distortions imply that TFP growth does not equal technology growth. But with a few assumptions, the primal and dual estimates together yield insight into technology growth in the favored and unfavored sectors.
A. Productivity and technology
In Singapore, economic profits were large. With market power, of course, the Solow residual does not measure technology (see, for example, Hall 1988 Hall , 1990 . Hall suggested that with market power but constant returns to scale, a cost-based TFP residual measures technology. The standard and cost-based residuals differ by a single term, reflecting the different weighting of capital and labor:ˆˆˆˆ(
As in Hall (1988 Hall ( , 1990 , we have defined the share of required payments to each factor in total costs by , ,
24 Young [1998, p33] 
where Π Σ and K Σ reflect reallocations of inputs across uses: In Singapore's case, these reallocation terms appear to largely offset: The high-profit sector was the same as the low cost-of-capital sector, and grew more quickly. 26 We therefore ignore these terms in Singapore. (In Korea, profits were small but resources were pushed towards the favored sector, so the capital-reallocation term is likely negative-suggesting that t exceeds measured TFP growth.)
We now use equation (9) 
B. Sectoral differences in technology growth
We can now use Hsieh's dual estimate to estimate sectoral technology growth in the unfavored sector, which we take to be everything except manufacturing, finance, utilities, and transport. It is important to remember that market imperfections need not cause a dual-primal divergence. As noted earlier, consider the steady state of a two-sector neoclassical growth model with market power and favorable access to credit. In steady state, the profit share, capital-output ratio, and costs-of-capital are constant; thus the primal-dual gap disappears. What about during the transition?
First, monopoly power, reflecting in part government entry barriers, led to high profits in Singapore.
But high profits are obviously not an inevitable consequence of government intervention-Singapore seems the exception to world experience, not the rule. For Korea, we calculated in Table 2 that the profit share was small (6.5 percent). Leipziger's (1988) and Kihwan and Leipziger's (1997) firm-level studies also suggest relatively small profits. Kihwan and Leipziger suggest this lack of profitability may result from Korea's Confusion heritage, which emphasize freedom to hire workers but less freedom to fire them.
"Korean businessmen," they argue, "often care more about business expansion than profits."
Second, the mere existence of heterogeneous costs of capital need not necessitate differing growth rates for the costs of capital, as occurred in Singapore. Though Korea's transition also had heterogeneous costs of capital for favored and unfavored sectors, these different costs seemed to grow at similar rates.
Hsieh notes the different levels of capital cost in Korea when he uses the curb loan rate (the market rate)
versus the discount rate (the "preferred" rate). However, these two rates both declined at very similar 29 Lee (1996) finds that TFP growth was lower in government-favored Korean industries than in non-favored ones. Such effects are already incorporated into aggregate TFP.
paces. A transition with these characteristics would not produce a gap between the primal and dual. 30 Finally, why was the favored cost-of-capital observed in Korea but not in Singapore? It is helpful to think through the mechanisms by which heterogeneity was introduced. In Singapore, we argued that it is difficult to include "unobservable" benefits to a favored sector. Differential tax rates, which affect the cost-of-capital across firms, are difficult to account for. By contrast, Korea seemed to rely much more on preferential access to capital (such as directed credit to state-owned enterprises and Chaebols), and the different interest rates are more easily observed.
In addition, the idiosyncratic, one-time benefits offered to large multinationals to entice FDI are particularly difficult to account for. FDI played a huge role in Singapore's development but had negligible impact on Korea in the 1970's and 1980's. Leipziger (1988) confirms that Korea "failed to encourage FDI in their early development years … it took Korea until 1984 to become an active recipient of original FDI."
Indeed, IFS statistics confirm that while FDI amounted to nearly half of investment (15% of GDP) in
Singapore by 1990, FDI amounted to only 1% of investment (a negligible share of GDP) in Korea by 1990.
In sum, though the broad development strategies were similar in Korea and Singapore, the lack of profits and the similar measured growth rates in favored and unfavored costs of capital in Korea resulted in consistent dual and primal TFP estimates.
VII. Conclusions
We show how product and output market distortions can, in principle and in practice, reconcile apparently divergent quantity-and price-based measures of TFP in Asia. We thus view these divergent results as complementary, providing insight into the economic environment. In particular, heterogeneity in the cost-of-capital (reflecting intentional programs of many Asian governments to direct resources to particular firms and/or sectors) and pure economic profits can explain much of the difference.
Perhaps our most striking empirical claim is that in Singapore, economic profits averaged nearly 1/4 of GDP. Such sizeable profits-especially when earned by state-favored firms-are clearly an anomaly in 30 Korea's official bank rates, though lower than the curb loan rate, still relied on some market mechanism. Rhee (1997) discusses the dual structure of Korea's financial market.
world experience. But these large profits not only explain Singapore's extremely low labor share, they are also consistent with a wide range of indirect anecdotal evidence (e.g., on entry barriers) in Singapore.
With substantial distortions, TFP growth does not, of course, measure technology. Drawing on recent macroeconomic literature on aggregating TFP under imperfect competition, we conclude that for Singapore, Young was, in part, too optimistic: He overstates technological progress in the favored sector of Singapore's economy. Our best estimate is that in the favored sector, output grew nearly 10 percent per year for two decades, with negative TFP growth. However, this does not mean that Singapore had no worthwhile investments. In particular, under our interpretation, the relatively unfavored sector had slower output growth, about 6 percent per year, despite rapid TFP growth of around 2-1/2 percent per year.
Taking a step back, it is striking that despite substantial economic distortions in several of the NIEs, they nevertheless managed to achieve very rapid growth. In the case of Singapore, GDP per capita in the Penn World Tables rose from a level 1/5 (19 percent) of the U.S. level in 1960 to a level comparable to (or even slightly above) the U.S. level by the late 1990s. How did they achieve such stunning results, with such a distorted economy? First, it appears that they have, as Young and Krugman argued, been successful in marshalling substantial investment and capital accumulation. In 1998, Singapore was 2 nd in GDP per capita in the PWT, but was 24 th per capita in consumption (including government consumption) per capita;
in terms of expenditures, about 57 percent of GDP was invested either at home or abroad. 31 With an apparently low social discount rate-in part reflecting intentional government policy to promote savingstandard neoclassical growth theory would predict fast growth, albeit with a declining marginal product.
Endogenous growth models such as Ventura (1997) could help explain how Singapore was able to maintain rapid growth with massive structural change. Second, some of the distortions in Singapore's economy could have offset each other. For example, a standard problem with monopolies is that they underproduce relative to the social optimum; Singapore could have partially offset that distortion via subsidies. Finally, large swaths of Singapore's economy-ironically enough, the relatively unfavored sector-maintained rapid TFP growth for decades. 31 Figures from http://www.bized.ac.uk/dataserv/penndata/penn.htm (downloaded July 27, 2003). Note: Here we give the arithmetic averages of Hsieh's and Young's results for each line above from the calculations for each of the time periods used by Hsieh. Young's numbers were adjusted (using a weighted average of growth rates over subperiods) to cover the identical time period as each of Hsieh's measures. Hsieh (2002) Notes: Here we give the arithmetic averages of Hsieh's and Young's results for each line above from the calculations for each of the time periods used by Hsieh. Young's numbers were adjusted (using a weighted average of growth rates over subperiods) to cover the identical time period as each of Hsieh's measures (e.g., for a measurement of the 1975-1990 rate, we would take 5/15 of the 1970-1980 rate and add it to 10/15 of the 1980-1990 rate). The periods are all highly similar and approximately cover 1970 -1990 . When original growth rate calculations are needed (i.e. growth of average labor share), the best approximation to end points are used (i.e. for 1975-1990 growth rates, the calculation might use the 10-year growth from the average during the 1970-1980 period to that during 1980-1990) . For Taiwan, data exclude agriculture and include Young's adjustment of public sector output. For Singapore, Young's primal data is taken from updated figures in Young (1998) , other data are derived from Young (1995 ,   Tables V, VII, 1970-1980 period to that during 1980-1990) . Numbers may not add up due to rounding. Notes: Line 2 is calculated as a weighted average of Sarel's capital share estimates, with the weights determined by the industry-share of GDP (1-digit SIC from the CEIC database). Line 4, the estimated profit share of revenues, is calculated as (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) Average Lending Rate (1968 Rate ( -1990 E-P ratio (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ( Notes: Lines 1 to 3 and line 5 follow exactly as described in the note to table 4. Given CEIC industry shares are known and changing over time, the calculation of "true" capital cost share changes over time. Hence, we present growth rates for the key statistics. When original growth rate calculations are needed (i.e. growth of average labor share), the best approximation to end points are used (i.e. for 1975-1990 growth rates, the calculation might use the 10-year growth from the average during the 1970-1980 period to that during 1980-1990) . Then, using these data and the disaggregation of the capital-payments contribution to the dual-primal gap in equation (7), we calculate lines 7 and 8. Note that lines 7 and 8 do not add up to line 9. Line 9 is the total gap, not just that from the capital side, and includes differences in wages growth estimates. Numbers may not add up because of rounding.
Appendix: Technology with multiple types of firms
We assume that there are two sectors, each of which produces potentially with market power but with constant returns to scale. Output elasticities are then correctly given by the share of required factor payments in total costs, , , , Hall 1988 , 1990 . Basu and Fernald 2001 
If capital growth exceeds labor growth (as Young 1995 reports it did it in every one of the NIE's), then standard TFP growth-the left hand side-will understate technology growth in the sector.
What will the dual measure show for the sector? As derived in the main text, the dual necessarily equals the primal in equation (A.2), as long as the data are consistent with the accounting identity (1).
Hence, if the primal doesn't measure technology, then neither does the dual. We will assume in what follows that all sectors pay the same wages. Hence:
Some minor rearrangement yields the following: 
We have defined 
, we can write this expression as: 
Substituting this expression into (A.6), we find:
Since we have assumed that labor is paid the same wage in both sectors, the corresponding expression for labor is even simpler:
We inserting (A.7) and (A.8) into (A.4) and rearrange. The aggregate cost-based residual equals:ˆĈ
where Π Σ and K Σ reflect reallocations of inputs across uses:
Hence, after a fair amount of tedious algebra, we have derived a relatively straightforward result: the cost-based residual equals technology growth plus two reallocation terms. The first reallocation term represents shifts of resources towards sectors where the profit rate is higher, i.e., where the share of the sector in output exceeds the share in cost. Economically, this reflects the fact that output is measured using relative market prices not relative costs of production. With differential profit rates, relative prices need not equal relative costs of production (i.e., the marginal rate of substitution is not equal to the marginal rate of transformation). Output is (quite appropriately) aggregated using prices, which are equated to marginal rates of substitution, not using marginal rates of transformation.
The second reallocation term reflects the fact that if capital is shifted to where it has a higher cost-ofcapital, aggregate output and aggregate TFP rises, other things equal. With a higher cost-of-capital, firms' cost-minimizing conditions for capital input use imply that the marginal product of capital is higher.
Reallocating resources to where their marginal products are higher raises aggregate output.
Note that we can rewrite this term in a way that is easier to calibrate:
,ˆ One-year deposit rate Secured loan rate Three-month treasury bill rate (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) Notes: Data exclude agriculture and include Young's adjustment of public sector output. Young's primal data is taken from updated figures in Young (1998) , other data are derived from Young (1995 ,   Tables V, VII, When original growth rate calculations are needed (i.e. growth of average labor share), the best approximation to end points are used (i.e. for 1975-1990 growth rates, the calculation might use the 10-year growth from the average during the 1970-1980 period to that during 1980-1990) . Numbers may not add up due to rounding. 
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